Enhancements included the construction of nine boulder deflectors, two boulder weirs with pools, and 4 instream boulder placements. Instream cover was improved through the placement of 38 instream cover trees that were four rootwads placed and anchored was constructed along 1.2 miles livestock from riparian areas.
cabled to anchor boulders and in pools. High tensile fence of stream bank to exclude Scheduled maintenance and adjustment of existing instream and flood plain structures in Meacham Creek and the Umatilla River was conducted on 25 stream bank deflectors and two boulder weirs.
The efforts to restore and protect the riparian and fish habitats in the Umatilla Basin included a watershed approach to addressing causative factors to habitat degradation. This approach incorporated education on watershed issues and public involvement in restoration efforts. Volunteers from a local Boyscout Troop planted riparian hardwoods and local elementary school classes were given tours of the project areas as part of the education and public involvement efforts. Tribal staff coordinated with resource agencies and the Union Pacific Railroad in assessment of potential impacts of their proposed Blue Mountain Expansion Project.
Water quality monitoring continued for temperature and turbidity throughout the project area. Survey of channel cross sections and photo documentation of riparian recovery within the project areas provided additional baseline data. (Reeve et al. 1988) .
ACKNOWLEDGMENTS
Enhancement activities target improvement of water quality, and restoration of riparian areas and spawning and rearing habitat of steelhead (Oncorhynchus mykiss), spring and fall chinook salmon (Oncorhynchus tschawytscha), and coho salmon (Oncorhynchus kisutch).
These species represent an important cultural and religious resource to the Indian Tribes and their protection is mandated by Treaty with the United States Government.
Enhancement strategies include riparian vegetation restoration and protection, habitat diversity improvement and channel development. Improvements are being implemented in conjunction with other anadromous fish restoration efforts in the Umatilla River Basin including passage improvements (ladders, screens, and flow enhancement) and hatchery suplementation. These efforts will help boost spawning escapement and natural production in the enhanced habitats throughout the Umatilla Basin. The efforts to restore and protect the riparian and fish habitats in the Umatilla Basin during the reporting period included a watershed approach to addressing causative factors to habitat degradation. This approach incorporated public involvement in restoration efforts and education on watershed issues.
DESCRIPTION OF PROJECT
The Umatilla River is a tributary to the Columbia River at RM 289. It has a drainage basin of 308 sq. miles below the confluence of Meacham Creek (Figure 1 ). Meacham Creek is a major tributary to the Umatilla River, entering at river mile (RM) 79. It drains approximately 165 square miles and produces 145,000 acre-feet annually at RM 5 near the eastern boundary of the reservation. The principle aquifer is quaternary alluvium composed of unconsolidated sand and gravel, gravel, and some silt. Alluvium may reach a depth of up to 12 feet (Gonthier and Harris, 1975) .
The project area includes the lower 4 miles of Meacham Creek, 'and the Umatilla River between RM 78.5 and 81.7. and the lower quarter mile section of Boston Canyon Creek. These reaches had been initially treated during previous project years were reentered for maintenance and continued enhancements.
Elevations in the project area range from 1,760 to 2,000 feet above sea level, giving the area an unusually long growing season. Stream gradients average less than 2 percent.
Flooding in the project area usually occurs in late winter and spring as a result of a rain on snow event. The flood peaks tend to be high and the volumes large, but the duration of damaging stages seldom last more than a day or two (U.S. Army, Corps of Engineers, 1975) .
The project lies in a big game winter grazing zone as outlined by the CTUIR Land Development Code (1983) . The primary land use is livestock grazing, May to November. Timber harvest is permissible under a conditional use permit.
* .
METHODS AND MATERIALS Project Design and Layout:
Tribal staff surveyed project areas for maintenance needs and continued enhancement opportunities. Structure designs and materials specifications were developed and materials and equipment needs were estimated.
Machine access and haul routes to structure sites and materials storage sites were identified and flagged.
Landowner Agreements:
Existing agreements on Meacham Creek and the Umatilla River ensured access for maintenance and continued enhancements as needed.
Instream Permits:
Permit applications were submitted to and permits granted from the Army Corps of Engineers for 404 Fill and Removal Permit and the CTUIR Department of Natural Resources for Tribal Stream Zone Alteration Permits.
Watershed Approach:
The CTUIR at the direction of the Bonneville Power Administration and consistent with the direction of other tribes and resource agencies in the Columbia Basin is refocussing anadromous fish habitat restoration and enhancement efforts from the past instream structural approach to a more holistic watershed approach. This approach looks to address causative factors to degradation of fish and riparian habitats within a watershed context. An increased emphasis on public outreach and education will help ensure protection of existing restoration efforts and reduce future impacts.
The CTUIR coordinated an education tour of enhancement areas with local schools, provided job training opportunities for tribal youth programs, coordinated a riparian enhancement project with a local Boyscout troop, and coordinated with resource agencies to provided technical input and comment to a proposed Union Pacific Railroad double track expansion project in the Blue Mountains.
Subcontracts:
The CTUIR prepared, advertised for bids and awarded contracts for various materials delivery and construction activities associated with the construction of instream and flood plain structures as follows:
Equipment Rental For Instream Construction Sub-contract for rental of operated equipment for materials movement and instream construction and maintenance was awarded to Harney County Gypsum Co., of Burns Oregon.
Fence Construction
Sub-contract for construction of high tensile fence was awarded to Raymond Doherty of Pilot Rock Oregon for the construction of 1.2 miles of fencing on the Umatilla River and lower Meacham Creek.
Materials (Boulders and Rip Rap)
Rock for instream and flood plain structures was purchased at a delivered price from Humberts Excavating of MiltonFreewater Oregon.
Monitoring and Evaluation: Stream Channel Cross Sections
Stream channel cross sections were surveyed at 42 established monitoring sites throughout the project areas. Surveys were conducted by tribal staff using standard transit level, rod and measuring tape to monitor for changes in stream channel morphology resulting from riparian recovery, natural bedload movement and instream and floodplain structure function.
Photo Documentation
Photo documentation of riparian recovery and instream structure function over time was completed at all cross section locations and at selected pre-established permanent sites using 35mm slide film. Slides were cataloged in the CTUIR Photo record library.
Squaw Creek Biological Surveys
Past spawning ground surveys have shown Squaw Creek to be a major producer of steelhead in the Upper Umatilla Basin. Baseline data on fish abundance and habitat conditions were collected in 1991. At that time, fall salmonid populations were estimated and length frequencies documented in Squaw Creek from the Umatilla River at the mouth upstream to Little Squaw creek using multiple pass electrofishing or Peterson mark-recapture. Follow up spring smolt trapping was scheduled using a rotary screen trap. However, unseasonably low water levels prevented trap deployment. Some data was obtained on length frequency for spring populations as part of the genetic risk assessment study being conducted by Carl Schreck at Oregon State University. As part of this study, tribal staff conducted multiple pass electrofishing of 15 randomly selected pools in the lower 3 miles of Squaw Creek to collect steelhead pre-smolts for genetic assessment. Fork length of all shocked steelhead was measured and length frequencies were plotted (Figure 2 ). Fish greater than 120mm were then placed in individual plastic wrappings and put on dry ice for shipping to Oregon State University for genetic analysis.
Water Quality Monitoring
Temperature and sediment data was collected as an ongoing part of the program to provide a base line on water quality and to quantify the short and long term effects of restoration efforts. Water temperatures were recorded hourly using Ryan TempMentor hydrothermographs deployed at various locations on Meacham, Squaw, Buckaroo, and Wildhorse Creeks and the Umatilla River (Appendix A).
Suspended sediments were monitored from May 1 through November 30, 1992 using ISCO sediment samplers on the Umatilla River at USGS gage station RM 81.7 (East Reservation Boundary), and RM 56 (West Reservation Boundary), and at the USGS Gage station on Meacham Creek at RM 2 (Appendix A). Samples were processed at the U.S. Forest Service Lab in Pendleton by USFS personnel. Total suspended sediments, JTU's, conductivity, and total dissolved solids were measured.
The sampler at the East Boundary of the Reservation was removed prior to high flows to prevent possible damage or loss.
Riparian Enhancements:
Riparian habitats were enhanced through the planting of local stock riparian hardwood cuttings and seeding of gravel bars and disturbed sites with grass seed/forb mix. A total of 300 lbs of seed mix was planted. This occurred primarily during spring and fall with limited seeding of haul roads during the summer months. Approximately 200 willow cuttings were prepared and planted during the spring and summer of 1992 months by tribal staff and Summer Youth Program employees as part 'of their job training and natural resource education program.
A cooperative project was developed with local Boyscout Troop 743 to plant 100 2-4 foot tall rooted cottonwood trees, 125 rooted willows and additional willow cuttings along toe dikes, bank revetment structures and pool edges to improve stream bank stability and increase stream surface shade. This project was started during this reporting period in April of 1993 and will continue into the 1993 project year.
Riparian Exclosure Fence:
Riparian areas on over one mile of the Umatilla River were protected through the construction of 1.2 miles of high tensile smooth wire fencing. High rock bluffs along one bank of the river made construction impractical and largely unnecessary.
Existing riparian exclosure fence on Meacham Creek and the Umatilla River was maintained and stream crossing fences that had been removed prior to high flows, were deployed prior to the grazing season. All exclosures were monitored weekly for cattle trespass and offending animals removed immediately.
Instream Construction:
All instream activities were directed and inspected by tribal habitat staff. Petroleum absorbent booms were deployed downstream of all heavy equipment working in the stream zone to protect against spills of petroleum products from engine and hydraulic systems. Efforts included 105 hours of track mounted excavator time used to place 600,000 lbs of boulders in new and existing structures.
New construction including nine boulder deflectors, two boulder weirs with pools, 4 instream boulder placements, 38 instream cover trees placed and cabled to anchor boulders, and four rootwads anchored in pools.
Scheduled maintenance and adjustment of existing instream and flood plain structures in Meacham Creek and the Umatilla River was conducted on 25 stream bank deflectors and two boulder weirs.
RESULTS AND DISCUSSION
Habitat Enhancements:
Instream and flood plain habitat enhancements constructed in previous implementation years in the lower four miles of Meacham Creek and the Umatilla River. between RM 78.5 and 80, were maintained and modified to meet their original design functions. Where appropriate, additional structures were built. Enhancement of instream cover was emphasized with the placement of over 40 large organic debris placements. Long term stability of instream structures was increased though cabling structures together using the Hilti Fastening System. These efforts should ensure continued increases in stream channel stability and habitat capability for cold water anadromous fish.
Riparian area recovery was the focus of two pubic outreach and education efforts. These efforts are a reflection of the change in direction of the CTUIR's and BPA's approach to restoration and protection of anadromous fish habitat from the early instream stabilization and habitat restoration approach to a more holistic systems based approach that addressed the causative factors to habitat degradation.
The first of these public outreach projects was job training for tribal youth in the Summer Youth Program. A summer youth employee was funded by the Job Training Program to assist tribal staff with enhancement efforts in exchange for education in natural resource management techniques. The youth was trained in riparian plant identification and restoration techniques, photo documentation techniques and basic land survey methods.
The second outreach effort was with a local Boyscout troop. Students in both situations learned the importance of good land stewardship and developed a working knowledge of riparian restoration techniques. As a result of their assistance to tribal staff, riparian habitats were enhanced throughout the Meacham Creek and Umatilla River project areas with the planting of grass/forb seed mixes and riparian hardwood cuttings and rooted cottonwood and willow stock on protected sites within the riparian corridor fence. Sites disturbed by construction activities were seeded with grass/forb mix to minimize erosion. These efforts will provide for increased stream bank stability and maintenance of lower water temperatures within and below the project areas. The exposure the participants recei;:: to resource restoration and protection issues may provide long lasting and wide spread resource benefits throughout their lives.
The protected riparian corridor on the Umatilla River was expanded through the construction of 1.2 miles of high tensile smooth wire fencing to exclude livestock.
Monitoring and Evaluation:
Monitoring and evaluation of instream and riparian recovery continued throughout all project areas with photo-documentation of riparian recovery, survey of channel cross sections to measure the effects of treatments on stream channel morphology, and collection of water temperature, and suspended sediment data. While the effects of the enhancement efforts on water quality may not be detectable for years, the data collected will provide important base line information. A compilation of the data sets and, where continuity of data permitted, summary graphs were prepared (Appendix A. Suspended sediment loads as sampled from the Umatilla River at the west boundary of the Umatilla Indian Reservation peaked in February at over 250 tons per day. This peak corresponded to a daily average discharge rate of over 2000 Cubic Feet per Second. This sediment load was measured above Wildhorse Creek and would have been significantly increased due to its contribution of sediments.
Squaw Creek Steelhead Length Frequency Survey:
Summary of the limited length frequency data collected during the genetic risk assessment sampling in June 1992 ( Figure  2. ) shows a greater frequency of 0+ age class than l+. Length frequency data collected in October of the previous year ( Figure  3. ) showed a greater frequency of l+ age class.
While the sampling strategies, magnitude of area searched and level of effort differed, the observed differences may reflect the effects of high predation on the 0+ age class during the lower flow periods later in the season, possibly from the 1+ age class steelhead. Further analysis of age class survival during low flow periods is needed to make more substantive conclusions. However, instream cover through out the Umatilla Basin should continue to be emphasized in enhancement efforts to help assure maximum survival of anadromous salmonids in early life stages.
